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COOLING SYSTEM FOR DYNAMOELECTRIC MACHINE 

Background of the Invention 

[0001] This invention relates generally to systems for cooling 
dynamoelectric machines, and in particular to a cooling jacket and endshield 
which direct a flow of fluid for removing heat from an integrated starter generator 
and associated electronics. 

[0002] Dynamoelectric machines such as electric motors generate heat 
during operation which may degrade efficiency or damage component parts, such 
as windings and bearings. Consequently, a machine is typically cooled during 
operation by a coolant which is circulated through passages in or around the 
motor to transport heat energy away from hot parts. Cooling is particularly 
challenging for a relatively small or compact machine, such as an integrated 
starter generator for an automotive vehicle. That machine must be packaged so 
that it occupies only a relatively small space in a vehicle engine compartment 
(e.g., maximum length and diameter dimensions of about six inches), which limits 
the amount of space available to accommodate coolant passages. 

[0003] One cooling approach which has been adopted is to install a 
cooling jacket around the outer circumference of the stator core of a 
dynamoelectric machine. The jacket receives a coolant which is circulated 
through passages in the jacket to remove heat generated in the stator windings 
and core during operation. Typically, the coolant is a liquid because it produces a 
relatively higher convective heat transfer coefficient than a gaseous coolant, and 
consequently the passages are smaller and the system can provide greater heat 
dissipation capacity. 

[0004] Prior cooling jackets have suffered from various drawbacks, 
including tortuous paths of travel through the jackets that subject the liquid 
coolant to numerous flow deflections and turns which result in high total pressure 
drop. That penalizes performance and can require larger pumps, such as water 
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pumps in automotive vehicles, to produce adequate circulation. Further, some 
previous cooling jackets have non-uniform distributions of coolant between flow 
passages within the jackets, resulting in localized hot spots on the stator core. 
Complex sealing arrangements have been required for preventing leaks of 
coolant. Moreover, electronic components associated with dynamoelectric 
machines, such as electronic controls, have typically been held in a housing 
remote from the motors. This arrangement requires additional space, longer 
electronic connections, and makes proper cooling more difficult. 

Summary of the Invention 

[0005] Among the several objects and features of the present invention 
may be noted the provision of a dynamoelectric machine having a cooling system 
for removing heat from the machine; the provision of such a machine wherein the 
cooling system cools uniformly about the machine; the provision of such a 
machine and cooling system wherein the coolant pressure drop is minimized; the 
provision of such a machine and cooling system which seal against leaks of 
coolant; the provision of such a machine and such a cooling system having 
integrated electronic components which are cooled along with the machine; the 
provision of such a machine which is small in size; and the provision of such a 
machine which is economical. 

[0006] In general, a cooling jacket according to the present invention is for 
cooling a stator of a dynamoelectric machine. The jacket comprises an annular 
inner shell having a generally cylindric inner surface defining a cavity for receiving 
the stator so that the stator is in heat transfer contact with the inner surface. The 
inner shell has a central longitudinal axis and an outer surface. An annular outer 
shell is for nesting coaxial alignment with the inner shell to define an annular gap 
between the inner and outer shells. A plurality of fins are formed on the outer 
surface of the inner shell and project radially outward from the outer surface into 
the annular gap between the inner and outer shells. The fins define at least one 
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flow path for conveying a fluid through the cooling jacket. At least one of the fins 
is positioned on the inner shell to extend in a direction circumferentially on the 
inner shell and substantially normal to the longitudinal axis so that the fluid flow 
path is directed generally circumferentially of the cooling jacket. 

[0007] In another aspect, a liquid-cooled dynamoelectric machine of the 
invention comprises a stator having a longitudinal axis, a rotor and a shaft 
mounting the rotor for rotation in the stator about the axis. Two endshields are for 
connection at opposite longitudinal ends of the stator, at least one of the 
endshields having a surface for holding electronic components. An internal flow 
passage is generally adjacent the surface of the endshield for conveying a 
coolant to remove heat from the surface and thereby cool the electronic 
components. 

[0008] Other objects and features of the present invention will be in part 
apparent and in part pointed out hereinafter. 

Brief Description of the Drawings 

[0009] FIG. 1 is a perspective of a dynamoelectric machine having a 
cooling system of the present invention; 

[0010] FIG. 2 is an elevation of the machine of Fig. 1; 

[0011] FIG. 3 is a schematic section on line 3-3 of Fig. 2; 

[0012] FIG. 4 is an exploded perspective of the machine showing 
component parts of the machine; 

[0013] FIGS. 5 and 6 are perspectives of a cooling jacket for removing 
heat from the machine; 

[0014] FIG. 7 is a first perspective of a back endshield of the machine; 

[0015] FIG. 8 is a second perspective of the back endshield of Fig. 7; 

[0016] FIG. 9 is a schematic elevational section taken through the back 
endshield of Figs. 7 and 8; 
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[0017] FIG. 10 is a first perspective of a front endshield of the machine; 

and 

[0018] FIG. 1 1 is a second perspective of the front endshield of Fig. 10. 
[0019] Corresponding reference characters indicate corresponding parts 
throughout the views of the drawings. 

Detailed Description of the Preferred Embodiment 

[0020] Referring now to the drawings and in particular to Figs. 1-4, a 
dynamoelectric machine having a cooling system according to the present 
invention is designated in its entirety by the reference numeral 10. In one 
embodiment, the machine 10 is relatively compact and intended for installation in 
an engine compartment of an automotive vehicle for use as an integrated starter 
and generator. Although the description herein is primarily with reference to that 
embodiment, it is understood the other dynamoelectric machines, such as electric 
motors or generators of other sizes and for other fields of use, do not depart from 
the scope of this invention. 

[0021] The machine 10 includes a stationary assembly or stator (generally 
designated 12) and a rotatable assembly or rotor (generally designated 14) 
magnetically coupled to the stator. As is known in the art, the stator holds one or 
more wire-wound coils, or windings, on a core. The windings may be 
encapsulated in a potting material (not shown). The machine 10 transforms 
electrical energy into mechanical torque, or vice versa, when the windings of the 
stator 12 are energized with electrical current and interact with the rotor 14 as it 
rotates. The stator has a generally cylindric outer surface 16. The rotor is 
rotatable about a shaft 18 which extends along a central longitudinal axis A and is 
mounted in the machine on two bearings 20. The stator 12 and rotor 14 are 
coaxially aligned, generally along the axis A. Many aspects of the stator and rotor 
described above are conventional and will not be described in further detail. 
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[0022] A front endshield 22 and a back endshield 24 define opposite 
longitudinal ends of the machine 10. The endshields 22, 24 are connected by 
several (e.g., three) circumferentially spaced bolt fasteners 26 which are received 
through corresponding bores 28 on each endshield. Mounting lugs 30 on the 
endshields 22, 24 are provided for receiving fasteners (not shown) to secure the 
machine 10 in a vehicle engine compartment. A grooved pulley 32 is positioned 
at a front end of the machine and is secured on the shaft 18 by a threaded nut 34. 
When the machine 10 functions as a motor, the pulley 32 transmits power from 
the shaft 18 to a drive belt (not shown). When the machine functions as a 
generator, the pulley 32 transmits power from the drive belt to the shaft 18. 

[0023] A cooling jacket assembly, indicated generally at 40, is provided for 
receiving a liquid coolant (not shown) to remove heat energy from the machine 
10. The jacket 40 includes an annular inner shell 42 and complementary annular 
outer shell 44 configured for nesting coaxial alignment (Fig. 3) to define an 
annular gap 46 between the inner and outer shells. A plurality of fins 50 are 
formed on an outer surface of the inner shell 42 which project radially outward 
from the outer surface of the inner shell through the annular gap 46 and engage 
the outer shell 44. The fins 50 define flow paths for conveying the coolant 
through the cooling jacket 40. The outer shell 44 comprises a cylindric tube 
surrounding the inner shell 42. Two O-ring seals 52 (Fig. 3) are received in 
corresponding grooves of the inner shell 42 for preventing leaks of coolant. The 
jacket 40 thereby contains coolant within the jacket. It is understood other 
arrangements, including systems where fins are formed on the outer shell or 
where the jacket has a one-piece construction without separate shells, do not 
depart from the scope of this invention. 

[0024] The inner shell 42 has a cylindric inner surface defining a cavity for 
receiving the stator 12 so that the stator is in heat transfer contact with the cooling 
jacket 40. In one embodiment, the inner shell 42 is sized for an interference fit, 
having an inner diameter which is slightly less than a diameter of the outer 
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surface of the stator 12. The stator 12 is secured in the inner shell 42 by first 
heating the inner shell to an elevated temperature. That causes thermal 
expansion sufficient so that the stator may be inserted in the inner shell to the 
installed position of Fig. 3. When the inner shell 42 cools, it contracts so that its 
inner surface is in tight engagement with the outer surface of the stator 12. The 
inner shell 42 is readily and economically manufactured by a suitable method 
such as casting in one piece. In one embodiment, the cooling jacket 40 is made 
of a thermally conductive material suitable for casting, such as aluminum. 
Jackets of other materials and constructions do not depart from the scope of this 
invention. 

[0025] Referring to Figs. 5 and 6, the inner shell 42 of the cooling jacket 
has two inlets 54 for receiving liquid coolant and two outlets 56 for discharging 
liquid coolant. Each of the inlets 54 and outlets 56 comprises a hole extending 
through a flange 58 in the back end of the cooling jacket 40, positioned to align 
with a respective transfer port 118, 120 (Fig. 7) on the back endshield 24. A 
recess 62 is formed in the outer surface of the inner shell 42, adjacent the flange 
58, for locating the inlets 54 and outlets 56 so that coolant therefrom may flow to 
and from the annular gap 46. Preferably, all inlets 54 and outlets 56 are 
positioned in the same longitudinal end of the jacket 40. That provides a compact 
arrangement for favorable integration with the machine 10 and installation in a 
vehicle engine compartment because coolant intake and discharge connections 
are located nearby one another, at one side of the machine. Moreover, the 
positioning of inlets and outlets at a longitudinal end of the jacket permits ready 
sealing of the jacket. Four O-ring seals 64 (Fig. 4) are placed around respective 
inlets 54 and outlets 56, within grooves 66 (Fig. 7) on the back endshield 24, to 
sealingly engage the flat surface of the flange 58 around each inlet and outlet. 
This sealing arrangement is more effective than for a cooling jacket having an 
inlet or outlet which extends in a radial direction (i.e., in a circumferential side), 
which would necessarily pierce an outer shell along a curved surface and require 
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sealing arrangements, do not depart from the scope of this invention. 

[0026] One of the fins comprises a dividing fin 68 (Fig. 6), which is 
positioned to separate the inlets 54 from the outlets 56 and prevent coolant from 
passing directly from inlet to outlet without traversing through a path of travel 
around the jacket 40. The dividing fin 68 extends from the recess 62 at an 
oblique angle to a position at approximately the longitudinal midpoint of the jacket 
40, where the dividing fin curves to extend in the circumferential direction. Upon 
entering the cooling jacket 40 through the inlets 54, coolant flows into a 
distribution region, indicated generally at 70, having a relatively wide flow area 
free from fins. As the coolant flows in the direction of arrow B (Fig. 5), the flow 
area widens, further increasing flow area diffusion. Consequently, coolant 
velocity is relatively slower and generally uniform throughout the distribution 
region 70. The flow can effectively turn with little loss of pressure, and is 
uniformly distributed into equal-area flow segments, as described below. 
Because the flow of coolant is evenly distributed, local hot spots on the machine 
are avoided. 

[0027] Downstream from the distribution region 70, the flow path includes 
a first circumferential segment (indicated generally at 72) for flow of fluid in a first 
circumferential direction around the jacket 40, followed by a second 
circumferential segment (indicated generally at 74) for flow of fluid in a second 
circumferential direction which is opposite to the first direction. A reversal region 
(indicated generally at 76) between the first and second segments turns flow from 
the first direction to the second direction. Coolant travels around the jacket 40 
twice (i.e., around once through the first segment 72 and again through the 
second segment 74) to remove heat from the machine 10 before exiting the 
jacket. 

[0028] In the embodiment shown in the drawings, the first flow path 
segment 72 comprises four parallel flow channels 78 defined by three parallel fins 
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50 positioned on the inner shell and by the dividing fin 68, all extending in a 
direction circumferentially on the inner shell and substantially normal to the 
longitudinal axis. The flow channels 78 are formed between adjacent fins 50, 68 
and a rim 80 of the jacket and are directed generally circumferentially of the 
cooling jacket. The fins and channels are oriented to extend in directions 
preferably within a range of plus-or-minus five degrees from axial planes, that is, 
from planes which are normal to the longitudinal axis. More preferably, they are 
oriented at zero degrees and extend entirely within axial planes. 

[0029] The flow channels 78 are configured to have approximately equal 
flow areas. The fins 50 decrease the flow area in the first segment 72 of the flow 
path so that velocity of coolant in the channels 78 is higher than in the distribution 
region 70. Consequently, convective heat transfer from the machine 10 to the 
coolant is increased. Heat is dissipated to coolant not only from a bottom of each 
channel 78, but also from its two lateral sides (i.e., from the fins). The fins 50 
have leading edges 82 which are offset, being positioned in a circumferentially 
staggered arrangement (Fig. 6) in the distribution region 70. The leading edges 
82 form intakes to the channels 78, and promote equal distribution of coolant to 
each channel. Trailing edges 84 (Fig. 5) of the fins are circumferentially aligned 
for depositing flows of coolant into the reversal region 76. 

[0030] Similarly, the second flow path segment 74 has three parallel fins 
50 positioned on the inner shell, extending in a direction circumferentially on the 
inner shell and substantially normal to the longitudinal axis. Four parallel flow 
channels 78 are formed between adjacent edges of the fins 50, the dividing fin 
68, and the rim 80. Paths of travel in the second segment 74 are also directed 
generally circumferentially of the cooling jacket 40. It is understood that a 
different number or arrangement of flow paths does not depart from the scope of 
this invention. For example, the flow path could have only one segment so that 
coolant travels around the jacket only once, or each segment could have a 
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number of channels greater or lesser than four and extend in directions which are 
not parallel to each other. 

[0031] The cooling jacket 40 is configured so that all turns to which the 
coolant is exposed are generally smooth and gently curved to avoid flow 
separation and loss of coolant total pressure. The jacket has only one reversal 
region 76 so that coolant makes only one reversal turn in the jacket. That 
provides fewer turns or deflections than jackets with axial or helical passages to 
thereby inhibit loss of coolant pressure. The reversal region 76 is free of fins and 
configured to reduce pressure loss or avoid flow separations. A downstream wall 
86 (Fig. 5) has a generally U-shape with two slanted surfaces 88 extending at an 
angle C relative to the longitudinal axis of the jacket, and an end surface 90 
extending generally axially of the jacket. As coolant flow exits the channels 78 of 
the first segment 72 and is deposited in the reversal region 76, it slows because 
of the increased flow area. It is therefore able to turn as shown in arrow D in Fig. 
5 with minimal loss in pressure, and be re-distributed in equal portions between 
flow channels 78 for travel back around the jacket 40 in the second segment 74 of 
the flow path. The angle C of each slanted surface 88 of the downstream wall 86 
is preferably within a range from about 45 to 80 degrees, and more preferably 
about 60 degrees, so that coolant exiting the first segment 72 of the flow path 
makes an initial turn of about 60 degrees. Adequate area is provided in the 
reversal region 76 so that the separate flows of coolant from the four channels 78 
do not impinge or intersect with each other in a way causing strong turbulence, 
but rather tend to initially remain parallel in the reversal region. 

[0032] The front endshield 22 is shown in Figs. 10 and 11. A circular hub 
92 for receiving one of the bearings 20 is supported by radial ribs 94 and gussets 
96. As many aspects of the front endshield 22 are conventional, it will not be 
described in further detail. 

[0033] Referring to Figs. 7-9, the back endshield 24 comprises a housing 
adapted for mounting and cooling electronic components 98 (shown 
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schematically in Fig. 9) which are associated with the machine 10, such as 
controls. The endshield 24 has an inner side 100 (facing toward the machine 10) 
with a circular hub 102 for receiving one of the bearings 20 to support the rotor 
shaft 18. An outer side 104 (facing away from the machine) has a cavity 106 with 
several (e.g., six) arcuate, crescent-shaped edges 108 for receiving a plurality of 
cylindric capacitors (not shown). Holes 1 10 in the endshield 24 are for routing 
electrical connections (not shown) to the windings of the stator 12. 

[0034] The outer side 104 of the endshield 24 has an annular channel 
which forms a passage 1 1 2 for flow of coolant around the endshield. An inlet port 
114 and an outlet port 1 1 5 for the flow passage 112 are provided for connection 
to corresponding fittings 116 (Fig. 4) for receiving and discharging coolant. Two 
transfer ports 118 are for alignment with corresponding two inlets 54 of the 
cooling jacket 40, and two transfer ports 120 are for alignment with corresponding 
two outlets 56 of the cooling jacket. The transfer ports 118, 120 (Fig. 7) extend 
through the inner side 100 of the endshield 24 and are in fluid communication 
with the passage 112. When installed, the back endshield 24 engages the inner 
shell 42 of the cooling jacket as shown in Fig. 3, with the transfer ports 118, 120 
connecting the flow passage 1 12 of the endshield and the flow path segments 72, 
74 of the cooling jacket. 

[0035] As shown in Figs. 4 and 9, a flat annular body or ring 122 is 
mounted on the outer side 104 of the endshield 24 to enclose the channel which 
forms passage 112. The ring 122 is in heat transfer communication with coolant 
as it flows through the passage 112. An outer face of ring 122 defines a surface 
124 for mounting the electronic components 98 by suitable attachment. The ring 
122 is formed of a rigid and thermally conductive material (e.g., aluminum) so that 
heat energy from the electronics is transferred through the ring to the coolant. 

[0036] In operation, liquid coolant flows from a coolant supply and pump 
(not shown) into the inlet port 1 14 of the back endshield 24. Coolant travels 
through the passage 112, making one revolution around the endshield 24 to 
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remove heat from electronic components 98 mounted on the surface 124 of the 
ring 122. Next, the coolant moves through two transfer ports 118 into the inlets 
54 of the cooling jacket 40 and travels through the jacket as previously described 
to remove heat from the stator 12. Finally, the coolant exits the jacket 40 through 
the outlets 56 and travels through two corresponding transfer ports 120 of the 
endshield and to the outlet port 1 15 for discharge. 

[0037] Thus, the back endshield 24 facilitates a compact system with 
electronic components 98 integrated with the machine 10, and provides for 
integrated cooling of the electronic components. Coolant travels in series around 
the endshield and then through the cooling jacket 40 to remove heat sequentially 
from the electronic components and the stator of the machine. Alternatively, the 
coolant could be routed first through the cooling jacket and then to the endshield. 
Other endshield designs and flow path arrangements do not depart from the 
scope of this invention. For example, the passage and surface may have non- 
annular shapes, or may be positioned elsewhere about the machine 10. 
Moreover, the passage need not be internal in the endshield (e.g. along an end 
face of the cooling jacket and adjacent to the surface). 

[0038] In view of the above, it will be seen that the several objects of the 
invention are achieved and other advantageous results obtained. 

[0039] When introducing elements of the present invention or the 
preferred embodiment(s) thereof, the articles "a", "an", "the" and "said" are 
intended to mean that there are one or more of the elements. The terms 
"comprising", "including" and "having" are intended to be inclusive and mean that 
there may be additional elements other than the listed elements. 

[0040] As various changes could be made in the above without departing 
from the scope of the invention, it is intended that all matter contained in the 
above description and shown in the accompanying drawings shall be interpreted 
as illustrative and not in a limiting sense. 
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